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SUMMARY 

by G. A.Gurzadyan 

This paper attempts to describe the properties of intrastellar matter 
and to find the mechanism leading to the yield of continuous emission from 
that matter, which originally was shown by Ambartsumyan to be of nonther- 
mal nature. 

* 
f * 

The continuous emission phenomenon discovered by Joy [13 , is expres- 
sed, as is well known, by a sudden and strong brightness increase of the s tar  
(outburst), mainly in the ultraviolet region of the spectrum. This phenome- 
non, inherent to low-temperature stars of the type G - K - M, is not observed 
in hot stars. The brightness of the star increases during the outbu st by seve- 
ral, sometimes tens and hundreds of times. A clearly expressed regularity 
of brightness amplitude increase is observed toward the shortwave side, that 
is, the stars becomes bluer at flare. In U-rays, for example, according to 
Haro observations, the amplitude Am, reaches 6 - 7" 123 while the quantity 
U - B attains up to - 1.5'" [?I. The duration of the outburst or of the process 
of continuous emission yield is very brief in some instances - from several 
tens of seconds to several tens of minutes, while in other cases it is measured 
in months and years. A typical representative of the objects of the first type 
is the star UV Setus, and of second type -the stars t. Taurus. 

At first V. A. Ambartsumyan [g , having subjected the facts linked with 
the continuous emission phenomenon to a detailed analysis, has shown that it 
may not have a thermal nature. This author links the phenomenon with the car- 
rying of the intrastellar matter to  the outer layers of the star and thepiberation 
there of the intrastellar energy. An attempt will be made in the present paper 
to describe the properties of this matter and to find the machanism leading to 
the yield of continuous emission from it. 
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Attention should be drawn first of all to  an interesting particularity 
in the distribution nf energy i~ lcw-temperature stars, consisting in that 
the number of quanta Npg in the photographic wavelength region constitutes 
a very small fraction of the total number of infrared quanta N; at the Bame 
time the ratio Npg / N drops with thedecreaseof the effective temperature T 
of the star (Fig. 1). S t i l l  more rapidly drops the relative number of ultra- 
violet quanta (in the 3000 - 4000 A band) with the decrease of T; a s  is 
shown by calculations, the ratio NU /N constitutes near 370 in type-= stars, 
near 0.2% in the ty-pe MO and near 0.0270 in the type-M5 stars. 

types have an enormous number of quanta (by comparison with the quanta of 
the visible band), and that is why it is sufficient to materialize the transi- 
tion or the transformation of only several percent, and even of fractions of 
percent of infrared quanta into high-frequency quanta in order to induce the 
strengthening of the shortwave region of the spectrum by several tens and 
hundreds of times. A mechanism capable of materializing such a transfor 
tion may be indicated: it is the scattering of mean-energy electrons (-10 
on photons, that is, the reverse Compton effect. As is well hown, a frequency 
i s r e a s e  of primary photon takes place in this case according to the correlation 

Therefore, in the infrared region of the spectrum the stars of later 

- 
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where 9' is the photon frequency prior to collision with the electron, and 3 
is that after collision. This correlation is valid with a precision to a well 
known multiplier of the order of the unity, dependent on the scattering angle. 

For that reason we assume that as  a result of the outburst electrons 
appear above the photosphere with energy only slightly greater than its own, 
that is, of the order of la6 ev (we shall designate them as  "fast electrons"). 
These electrons may in particular be separating from the matter being ejec- 
ted from the interior of stars. The appearance of a sufficiently thick layer 
of such electrons (t - 1) above the photosphere must lead to a stron g variation 
of the ixitial Planck spectrum emerging from that layer of photospherical 
radiation; there will take place a strong increase of its shortwave part  and 
a weakening of the infrared part.The total number of quanta in the spectrum 
of the star obviously remains invariable and only some sort of quantum drift 
takes place from the longwave to the shortwave region of the spectrum; at 
the same time the additional quantum energy is taken from the energy of fast 
electrons . 
of emission intensity in the spectrum of the flare l&r),.provided the energy 
spectrum of electrons 
known. To that effect it is necessary to compose and resolve the transfer equa- 
tion concomitantly with the condition of radial equilibrium In case of mono- 
chromatic electrons, when the energy of all electrons is identical and equal to 

Starting from this consensus, one may set up the problem of determination 

and the Planck spectrum of photosphere emission* are  r 

this solution has the form P I  
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where t is the effective optical thickness of the medium over the entire sur- 
face of the star on Tomson scattering processes, while B (T) and B (T) are 
represented by the Planck formula, except that v' v/p'should be substituted 
only in the second case, h t  is, 

The expression (2) is nothing but the theoretical spectrumof the flare. 
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Figure 1 -Distribution of the relative number of quanta in the spectrum of stars 
of various spectral types. 

As an example we plotted in Figure 2 the curves of relative energy distribution in 
the spectrum of the flaring star of the type MO (T = 3600O) for various values of p, 

. The heavy line denotes the normal (Planck) spectrum of the star MO. 

! 

The rise of intensity in the shortwave region and 5ts decrease in the longave  
region, when fast electrons with either energy appear above the photosphere, is al- 
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Figure 2 - Theoretical spectrum of the flare of the ty-pe - MO star f o r  various 
values of electron energy p (thin lines); the heavy line denotes the 
normal spectrum of the MO star, that is at r z  = 0,  t = 0. 

Figure 3 - Theoretical dependences of the ultraviolet amplitude of ty-pe -M 5 
r2 = 3 on wavelength; the dashed line star's flare at = 2 and 

indicates the saem dependence found during the observation of the 
flare of the star H I I  1306. 

ready visible in t+at figure. 
and p , we then may compute by standard methods the amplitudes 'Amv, Ams' 
and d m u  , that is, the increase (or decrease) of star brightness in V-, B-, 
and -V- rays by comparison with its normal brightness (when T = 0), and deter- 
mines also the theoretical color indicators in this system of B - U and U - B. 
results of computations for the MO-, M5- and M6- type stars a re  compiled in Ta- 
ble I, the curves of relative sensitivities in V-, B-, and U-rays being being bor- 
rowed from work €4). 

Having plotted such curves for various values of T 

The 

We shall conduct certain comparisons with the observations. 

1. - The theoretical brightness amplitude reaches 7m and more in U - rays, 
as follows from Table & such amplitudes as indicated above are indeed 

. observed [2). 

2. - At the given value of p, the brightness amplitude increases toward 
the side of shortwaves (Table I); this conclusion is corroborated by 
the observation data of [2]. -Johnson and Mitchel succeeded in ob- 



taining rare electrophotometric readings of brightness variations in 
V-, B-, U- rays of one flare having occurred with an H 11 1306 star. 
Fran these curves we determined the amplitudes in V-, B-, and U- 
rays which are: A ~ v  Um,7, ldmB LI? P,?, Am" s 3&,7. It was found that 
such amplitudes m y  be forming in the case of a flare of an M5 star 
at rt- ~ + 3 ,  T=Z (figure 3). 

3, - In normal conditions the color of the star H 11 1306 was equal to 
B - V = +Im. 35 and U - B = +lF18, while at the time of the abave 
flare it became bluer: B -V = +Om. 50 and U-- B = -Im. 07. 
color indicators theoretically close to this may be obtained with a 
flare of type-MM5 star, when k2 = 2.8 and Z = 1, in this case, 
B - V = +Om. 50 and U -B = -Om. 80 (see Table I). 

The 

4. - In certain cases, the value of U - B may be smaller than -Im. Thus, 
; and for the star m for  example, for NXM we have U - B = -1 

LH 22, it is st i l l  less: U - B 
accord with the data of Table I; the concensus of infrared quantum 
transformation admits the formation of the spectrum of the flare with 
a very great energy excess in U - rays through the values U - B4&.70? 

. 35 6 
-Im. 5 E73 , This is found to  be in 

Byur akan Astrophysics Observatory 
of the Arm. SSR Academy; of Sciences 

Contract No. NAS-5-3760 
at Consultants & Designers, Jnc. 
Arlington, Virginia 

Received on 27 April 1965 

Translated by: 
DR. ANDRE L; BRICHANT 

R E F E R E N  C E S  
1, A, H,JOY. Ap. J., 102, 168,1945: PASP, 66, 5, 1954. 
2, G. -0, E, CHAV3RA. Flare Stars in Stellar Aggregates of Different Ages. 

Tonantzintla Obs., Mexico, 
June 1964. 

3. V. A. AMBARTSUMYAN. Soobshch. Byurakansk. ob., 13, 1954. 
4. H. L. JOHNSON, W. W. MORGAN. Ap. J., 117, 313, 1953. 
5. H. L. JOHNSON, R. I. MITCHEL. Ap. J., 128, 31, 1958. 
6. W. HILTNER, B. IRIARTE. Ap. J., 127, 510, 1958. 
7. M. F, WALKER. Ap. J., Suppl. ser., 2, 365, 23, 1956. 



6. 

D I S T R I B U T I O N  

GODDARD S.F.C. EASA E Q S  

100 
110 
400 
610 
611 

WILL- 
ILEPPEER 
NESS 
KUPPEBIAN 
B-S I11 
H I L L I W  
ME- 
DOm 
WHITE 
HAm 
BEBRfmcf 
BAUER 
GOLDBERG 
STtXE 
HESS 
CAMEZON 
BURLEY 
GI for SS 
LIBRARY 
F R U  

ss 
SO 

S L  

c3 I 

C51 

OTHER CElVTERs 

A R C  - 
SOHGPP 153 
U3RABy C33 
La R C  
160 ADAMSON 
213 KATZOFF 
235 SEATOIT 
185 WEA!~ERWAX C2j - J P L  
" 
WYCKOFF 
U C  BERKELEY 
W I L C O X  
UC LA 
coIamAI4 

- 

- 
- u. WICH 
HADDOCK 

M f i  

BARRETP 
SWCAS 
JOHNSON 

WPAFB 
TDBX-T 

- 
- 
- 


